Although post-operative pain has decided advantages as a testing ground for drugs there are certain fundamental difficulties: how can pain be graded and how can its relief be assessed? How, indeed, can we obtain any knowledge of another person's feelings? These questions threaten to carry us deep into the realms of philosophy and experimental psychology but they are, nevertheless, important at a purely clinical level, for there are many pain-relieving drugssome new, some old, mostly good, none perfect. How are we to decide between them? Or, in other words, having considered what methods of assessing pain relief are available, which shall we use? Dr Holmes and I have enquired into some of these problems.
How we come by our knowledge of another person's pain is a nice study in communication. It has much in common with the sort of communication attempted by the painter, the poet and the musicianthe conveying of moods and feelings. Unfortunately, though, our patients are not all blessed with the ability to make us 'feel' what they feel themselves: 'Let a sufferer try to describe a pain in the head to a doctor', as Virginia Woolf wrote, 'and language runs at once dry'. But pain is none the less real for being indescribable, and we must get our information as best we can.
First, we can ask the patient whether he has pain, and we can ask him to grade it as mild, moderate or severe, or in some similar way. this is an introspective judgment, and we must decide how reliable it is. Many workers regard it as the only valid criterion; Bishop (1959) , for instance, said, 'Pain is what the subject says hurts' -and this definition has been taken as an article of faith by Beecher in all his work on the measurement of pain. However, although we might admit that pain is what the subject feels, we might hesitate to agree that this is necessarily what he says he feels; to give an extreme example, a patient with a relaxed, smiling face who protests that he is in agony is unlikely to be believed. This, in a crude sense, is the basis of the 'behaviourist' approacha viewpoint which denies the value of introspective judgments and insists that the only reliable evidence is that derived from the measurement of performance. In the case of post-operative pain, at least after upper abdominal surgery, vital capacity and peak expiratory flow rate provide objective evidence of this kind.
Most of us believe that introspection yields reliable information; if we find ourselves-feeling cold or hungry, we do not doubt the accuracy of the feeling; we do not question the fact that we receive direct information as to our own states of mind. But this impression is illusory, as William James said, 'and a -little attention unmasks the illusion'. What we experience is not the state of being hungry, but the state of feeling hungryand this is not quite the same thing. In the case-of a strong emotion, like anger, it is not at all the same thing: you cannot be angry and think about being angry at the same time. Likewise a patient, when asked to describe his pain or grade its severity, has to 'stop and think about it' and the resulting opinion is not true introspection, but retrospection. With continuous, dull pain the difference between introspection and retrospection may not be very great, but it is doubtful whether a really intense, unexpected pain of brief duration has ever adequately been 'described'. A questio9 which naturally arises at this stage is whether the patient's manner and. appearance can legitimnately be taken into account in addition to his verbal report. Is it justifiable to let the investigator use his experience as a doctor in interpreting what the patient has to say? The person who is actually experiencing the painthe patient,is usually an unskilled esor and has little experience of how mild or how severe pain can be. The investigator may have a wide experience of assessing pain but he is faced with the problem of how to 'get inside the patient's mind' or, looked at another way, how to get the patient's feelings out. In the conventional 'unbiased' clinical trial the patient's opinion is sacrosanct. If you were to say 'the patient reported his pain as very severe, but in fact I graded it as moderate' your work would be condemned out of hand. Yet some patients do exaggerate, and we all know they do, while others are loath to reveal their suffering. One of the things that we have tried to study is whether it is better for the investigator to accept the patient's assessment or to make his own.
If the investigator records his own impression of the severity of the patient's pain, this is still a purely subjective assessment, involving two subjects instead of one. If he asks the patient to take a deep breath and to cough, he is then seeking objective, or behavioural information; a graded record of these efforts is probably the closest approach that can be made to a truly objective assessment without using a measuring instrument. Pure behaviourism is often viewed with suspicion because it seems unbelievable that every pain must produce a measurable change in performance. In practice, performanceor behaviourmust be widely interpreted: a study of electrocardiograms and electroencephalograms, skin temperatures, psychogalvanic reflexes and intestinal movements would perhaps yield surprisingly valuable information during the application of a painful stimulus; but after all it is much easier to ask the patient, and unless the behaviourist approach can show some clear advantage it is unlikely to prove popular. Vital capacity and peak expiratory flow rate are easy to measure, but not all forms of pain interfere with respiratory activity.
When a drug has been given, a second assessment must be made after a suitable interval of time. At this second assessment 'introspective' information can be sought in two ways. First, the patient can be asked 'how severe is your pain?' as he was before; this grading can then be subtracted from the pre-treatment gradinga process which can be described, for convenience, as 'subtraction on paper'. Alternatively, the patient can be asked 'how has your pain changed?'; in this case the patient does the subtraction, which can be called 'mental subtraction'. 'Mental subtraction' and 'subtraction on paper' are not the same process and will not always yield the same result. If the patient is asked to estimate the change in his pain he must cast his mind back and recall an experience from the past. This is retro-spection indeed, with all the usual pitfalls and one or two extra ones. Most people are brave, as well as wise, after the event, and a patient often underestimates the pain of an hour ago. He may genuinely not remember how bad the pain was, or even whether he had any at all, but because a drug was given and he now feels fairly comfortable he assumes that he has improvedand he knows it will please the doctor if he says so. Swerdlow (1962, personal communication) , who used this technique for post-operative studies, found that when he asked if pain had changed since the injection many patients did not remember having had an injection.
'Mental subtraction' eases the communication problem. It does not matter that the investigator has no direct knowledge of the pain, as long as the patient can indicate how it has altered; but the mere provision of a ready-made answer gives no information about the absolute severity of the pain before treatment. Another important limitation is that the investigator often has no knowledge of what aspect of the pain has been relieved. The chief advantage of 'mental subtraction' is that most patients do it quite naturally. I doubt whether our patients would find it easy to assess whether their pain was 'more than 50 % relieved'as Beecher's were asked to do (Keats et al. 1950)but I do believe that the patient who is not very intelligent or 'introspective' finds it much easier to report change than to make a grading of mild, moderate or severe. Admittedly this is the type of patient whose memory of the pain before treatment is poor but, if introspective evidence is required from such a person, the easiest to give is probably the least likely to be inaccurate.
'Subtraction on paper can be performed either with the patient's unmodified introspective assessment, or with the investigator's opinion. In either case the difficulty of having to compare a present experience with a memory is avoided. Two immediate impressions, obtained at different times, are available for comparison; but one thing is essential: the patient must be seen by the same investigator before and after the drug is given.
Apart from those who have concentrated on measuring vital capacity, all workers who have used post-operative pain for comparing drugs have confined their studies to pain at rest. It is hard to see why this should be so. For one thing many patients find, to parody Hilton, that 'the more rest, the less pain': if they lie very still their pain diminishesand so an injection of saline is a great success. Again, pain at rest is not the most important aspect of the patient's suffering; avoidance of chest complications and avoidance of Section ofAnasthetics venous thrombosis depend on 'stirring up' the patientmaking him move, breathe deeply and cough. Masson (1962) wrote: 'One would prefer not to inflict more pain on a patient in order to measure pain relief.' Post-operative coughing and deep breathing possibly represent the only exception to this general principle; indeed, to make a post-operative patient remain at rest in order to measure his pain might seriously prejudice his recovery! What kind of information can be obtained from the patient's willingness to cough and breathe deeply is another question that we have tried to answer.
When data have been collected, in whatever way, they must be subjected to statistical analysis.
The change brought about by each drug can be estimated by taking the average 'amount' of pain ina group of patients before treatment, and subtracting the average 'amount' after treatment. Such averages give no information about individual patients, some of whom may have got better while others got worse. If the change in each patient is recorded, one can see at a glance how many got better and how many got worse with each drug, and to what extent. Statistically, the mean of the change is a more sensitive index than the change of the mean, and it provides more useful information. A simple grouping of patients into those who show improvement and those who do not is easily made and, since it involves no grading of improvement, no assumptions need be made about the quantitative nature of subjective assessments. If the degree of improvement is taken into account, a more sensitive analysis can be made but new difficulties are introduced (Lasagna 1962): for instance, is an improvement from moderate to mild 'equal' to an improvement from severe to moderate? More refined statistical techniques can be used to overcome such objections, but these are only likely to help when the significance of a small difference between drugs is in doubt. We feel that our aim should be to use a method of assessing pain relief which is sufficiently sensitive to ensure that if a clinically important difference exists between two drugs a simple statistical test will reveal it.
Many drugs are advocated for treating postoperative pain. Extravagant: claims are made; enthusiasm runs high. By one team of workers we are told that the patient's opinion is the sole guide to success; by another, that only vital capacity measurements have any real meaning. 'Double-blind' techniques are forced upon us; placebos are considered mandatory. At last the results are ground exceeding small by the slow, incomprehensible mills of the statisticians. With a suitably designed study it should be possible to decide whether the patient or the investigator is the best judge of the severity of pain, whether the change in pain after treatment is better assessed by 'mental subtraction' or 'subtraction on paper', whether objective evidence has any real advantage over introspectionor rather, retrospectionand whether the sensitivity of assessment can be improved by taking account of pain on movement and coughing. Such information would point the way to the simplest and most reliable means of detecting worth-while differences between drugs.
It is generally agreed that morphine has a specific pain-relieving effect and that saline has not. This does not mean that all patients are relieved of pain by morphine; nor, unfortunately, that none are relieved by saline. What it does mean is that, if a method of assessment could never distinguish between morphine and saline it would be useless, and if it could always distinguish it would be perfect. If a number of patients are given either morphine or saline, and if their pain relief is assessed by several alternative techniques, it can be seen how many patients have to be treated before each technique reveals a significant difference between morphine and saline. This is an indication of which is the best technique of assessment to use and it was with this in mind that the present trial was designed.
Patients were given either morphine or saline, according to a prearranged 'double-blind' scheme, when the nursing staff considered that a post-operative drug was first needed. The morphine dosage was 10 mg/70 kg; both drugs were given intramuscularly. When the patient was in pain, he was seen by one of the investigators. He was asked to grade his pain as 'mild, moderate or severe', thus providing a purely introspective opinion. The investigator also made and recorded his own judgment of the severity of the pain on an arbitrary scale from 0 to 4. The patient was then asked to sit up in bed, and his unaided efforts were observed. He was asked to take a deep breath, and to cough as hard as possible. His performances for movement and coughing were similarly graded 0 to 4. Next, the vital capacity and peak expiratory flow rate were measured, in each case the recording being the average of three attempts after adequate practice. An objective assessment of pain on deep breathing and coughing was thus added. Finally, a very rough grading of level of consciousness was attempted, again on a scale ranging from 4, apparently normal mental activity, to 0, complete unconsciousness. The investigator then left the patient to be given morphine or saline according to the luck of the draw.
One hour later the same-investigator returned.
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The patient was asked how he thought his pain had altered, thus giving a 'mental subtraction'. The investigator's assessments of pain, ability to move and cough, and level of consciousness were again recorded so that 'subtraction on paper' could be performed. Finally, the objective measurementsvital capacity and peak expiratory flow ratewere repeated. The nursing staff were specifically told that if the patient derived no relief-from his injection they should inform the investigator immediately and not wait until the full hour had elapsed. Thus, no patient suffered unnecessary hardship as a result of being given saline and, at the worst, no patient with genuine pain was left without an active drug for more than one hour. This point is worth mentioning in view of the misgivings that many of us feel about using placebos and it is also an important consideration in gaining the co-operation of the surgeons and nursing staff, particularly in a situation in which some patients will have severe pain. Each patient was used only once for the present trial; for the remainder of the post-operative course drugs were given as required, in the normal manner.
The results are most interesting in upper abdominal cases, since it is here that impaired respiratory function gives the most useful behavioural information. The following data have been obtained from 48 patients, of whom about 30 have been subjected to all methods of pain assessment.
(1) Is it better to use the patient's unmodified opinion or the investigator's assessment? Table 1 is a simple statistical analysis of this question. The patients are grouped according to whether they showed improvement or not, after morphine or saline: the investigator's assessment shows a statistically significant difference between morph- ine and saline whereas the patient's assessment does not. When the degree of change in each patient's pain is taken into account, by applying a t-test, the investigator's assessment is again much more sensitive that the patient's. These results confirm our impression that a capable assessor can add to the value of a study by placing his own interpretation on what the patient says.
(2) How do these introspective findings compare with behavioural information? Vital capacity and peak expiratory flow rate measurements give very different results ( can be applied to these numerical data without any reservation: the vital capacity measurements show a very highly significant difference between morphine and saline while the peak expiratory flow rate measurements do not. When the investigator's assessment (Table la) is compared with vital capacity measurements ( Table 2a ) the similarity of the results is striking.
These data are all obtained from the same group of patients. From a simple x2 test there is virtually nothing to choose in sensitivity between the two methods of assessment, and the same is found with a t-test. This, incidentally, suggests that the application of a simple t-test to these graded introspective data is not greatly misleading. Clearly, some introspective methods of assessment are much better than others, and the same applies to 'behaviourist' methods; but either a good introspective technique or a good 'behaviourist' technique can give equally valuable information in circumstances in which both are applicable. (3) What happens when pain on movement and coughing are taken into account, as well as pain at rest? Table 3 shows the results, again for upper abdominal cases. Originally, we hoped that a study of pain on movement and coughing would magnify the difference between morphine and saline, but this is not so. Post-operative painparticularly after upper abdominal surgeryhas many components. We believe that the rather dull type of pain which persists while the patient is at rest is relatively easily relieved by morphine. The sharp additional pain inflicted by movement or expiratory effort is much harder to relieve, even with very large doses of morphine. This is probably the reason why the difference between morphine and saline appears no greater when pain on movement and coughing are taken into account.
The same considerations apply to the difference between vital capacity and peak expiratory flow rate. Vital capacity measurement requires only a comparatively slow inspiratory effort from the patient; peak expiratory flow rate measurement demands a sudden, sharp expiratory effort which is always extremely painful. It has been a consistent finding during our studies that the first time a patient is asked to carry out a peak expiratory flow rate testbefore he knows how much it is going to hurthe gives quite a good performance; but he finds this so painful that no amount of persuasion will induce him to do the same (4) How useful is our assessment of consciousness ? Table 4 shows that we were able to detect a statistically significant difference between morphine and saline, simply by grouping patients according to whether or not their level of consciousness deteriorated. Making use of our five-point scale by means of a t-test, the difference appears more clearly. For what it is worth, this offers some encouragement in the use of such simple techniques in the clinical assessment of complex mental states.
I am anxious to make it clear that our work does not imply whole-hearted support for the use of placebos in the controlled clinical trial of painrelieving drugs. I have tried to explain the reasons which led us to use a placebo as a device for comparing different methods of pain assessment. This was the sole purpose of the placebo in this scheme of things, and in so far as we have succeeded in our aims that purpose has now been served. If we had a new drug to study tomorrow we should compare it with morphine and not with saline. Dr B R Simpson (London Hospital) said that a sideissue of the results of this investigation was the demonstration of what an indifferent drug morphineadministered intramuscularlyreally was in the treatment of severe, sharp pain. The lack of significance in comparative pulmonary expiratory flow rate measurements condemned the drug rather than the measurement, a hypothesis which he was sure would be easily proven when-a better drug became available. He asked Dr Parkhouse why he chose as a dose for morphine 10 mg/70 kg of body weight. This convention seemed to derive from Beecher and his collaborators (Lasagna & Beecher 1954) although it was interesting that Keats (1956)a former colleague of Beecher'sstated that the dose of 10 mg/70 kg was sufficient 'except for very severe pain'.
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The comparative assessment of analgesic drugs, by animal tests and by experimentally induced pain in man, had proved unsatisfactory. Postoperative pain provided a means of testing drugs
